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SEMICONDUCTOR LIGHT-EMITTING
DEVICE AND METHOD FOR FABRICATING
THE SAME

The present application claims the benefit under 35 U.S.C.
§119 of Korean Patent Application No. 10-2009-0098363,
filed 1n Korea on Oct. 15, 2009, which 1s hereby incorporated
by reference 1n 1ts entirety.

BACKGROUND

1. Field

A semiconductor light-emitting device and a method for
fabricating the same are disclosed herein.

2. Background

Semiconductor light-emitting devices and methods for
fabricating the same are known. However, they suifer from

various disadvantages.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will be described 1n detail with reference to
the following drawings 1n which like reference numerals refer
to like elements, and wherein:

FI1G. 11s a sectional view of a semiconductor light-emitting,
device according to an embodiment;

FIG. 1A 1s a sectional view of a semiconductor light-
emitting device according to another embodiment;

FIG. 2 1s a sectional view of the semiconductor light-
emitting device taken along a line II-1I of FIG. 1;

FIGS. 3 to 13 are sectional views 1llustrating a process for
fabricating a semiconductor light-emitting device according
to an embodiment:;

FIG. 14 15 a sectional view of a semiconductor light-emuit-
ting device according to another embodiment;

FIG. 135 15 a sectional view of a semiconductor light-emait-
ting device according to another embodiment;

FIG. 16 1s a sectional view of a semiconductor light-emait-
ting device according to another embodiment;

FIG. 17 1s a sectional view of a semiconductor light-emit-
ting device according to another embodiment;

FIG. 18 1s a sectional view of the semiconductor light-
emitting device taken along a line XVIII-XVIII of FIG. 17;

FIG. 19 1s a sectional view 1llustrating a modified embodi-
ment of the semiconductor light-emitting device of FIG. 18;

FI1G. 20 1s a sectional view of a semiconductor light-emait-
ting device according to another embodiment;

FIG. 21 1s a sectional view of a semiconductor light-emait-
ting device according to another embodiment;

FI1G. 22 15 a sectional view of a semiconductor light-emait-
ting device according to another embodiment;

FIG. 23 1s a sectional view of the semiconductor light-
emitting device taken along a line XXIII-XXIII of FIG. 22;

FIG. 24 1s a sectional view of a semiconductor light-emit-
ting device according to another embodiment;

FIG. 25 1s a sectional view of a semiconductor light-emit-
ting device according to another embodiment;

FIG. 26 1s a sectional view of a semiconductor light-emit-
ting device according to another embodiment;

FI1G. 27 1s a sectional view of a semiconductor light-emait-
ting device according to another embodiment;

FIG. 28 15 a sectional view of a semiconductor light-emuit-
ting device according to another embodiment;

FI1G. 29 15 a sectional view of a semiconductor light-emat-
ting device according to another embodiment;

FI1G. 30 1s a sectional view of a semiconductor light-emait-
ting device according to another embodiment;
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FIG. 31 1s a sectional view of a semiconductor light-emit-
ting device according to another embodiment;

FIG. 32 15 a sectional view of a semiconductor light-emit-
ting device according to another embodiment;

FIG. 33 15 a sectional view of a semiconductor light-emit-
ting device according to another embodiment;

FIGS. 34 to 42 are sectional views of semiconductor light-
emitting devices according to additional embodiments; and

FIG. 43 1s a sectional view of a light-emitting device pack-
age according to an embodiment.

DETAILED DESCRIPTION

Reference will now be made 1n detail to embodiments,
examples of which are 1llustrated 1n the accompanying draw-
ings. In the descriptions of embodiments, 1t should be under-
stood that when a layer (or film), a region, a pattern, or a
structure 1s referred to as being “on/under” a substrate, a layer
(or film), a region, a pad, or patterns, it may be directly on the
substrate, the layer (or film), the region, the pad, or the pat-
terns, or mtervening layers may also be present. Further, the
reference about ‘on’ and ‘under’ each layer will be made on
the basis of the drawings. In the drawings, dimensions of each
of element may be exaggerated for clarity of 1llustration, and
the dimensions of each of the elements may be different from
the actual dimension of each of the elements.

Hereinalter, embodiments will be described with reference
to the accompanying drawings. Where possible, like refer-
ence numerals have been used to 1indicate like elements.

Due to their physical and chemical characteristics, Group
I11I-V nitride semiconductors are being utilized as core mate-
rials for light-emitting devices, such as light-emitting diodes
(LEDs) and laser diodes (LLDs). An example of the Group
II1I-V nitride semiconductors 1s a nitride semiconductor with
a composition equation ot In Al Ga, N (0=x=1,0=y=l1,
O=x+y=1).

An LED 1s a kind of semiconductor device that 1s used as a
light source or uses the characteristics of compound semicon-
ductors to converts electricity mto light to exchange signals.
Nit ride semiconductor based LEDs or LDs are widely used in
light-emitting devices, and are applied as light sources for
various products, such as keypad light-emitting units of
mobile phones, electric light panels, and i1llumination
devices.

FIG. 11s asectional view of a semiconductor light-emitting
device according to an embodiment. FIG. 2 1s a sectional view
of the semiconductor light-emitting device taken along line
II-II of FIG. 1.

Referring to FIGS. 1 and 2, a semiconductor light-emitting,
device 100 according to an embodiment may include a light-
emitting structure 135 with a compound semiconductor layer,
a channel layer 140, a reflective layer 150, an adhesion layer
160, and a conductive support member 170. The semiconduc-
tor light-emitting device 100 may be formed using a com-
pound semiconductor, for example, a Group I1I-V compound
semiconductor. The semiconductor light-emitting device 100
may emit light of a visible-ray region, such as blue, green, and
red light, and may emit light of an ultraviolet region. The
semiconductor light-emitting device 100 may vary in shape
and structure within the technical scope of embodiments.

The light-emitting structure 135 may include a first con-
ductivity type semiconductor layer 110, an active layer 120,
and a second conductivity type semiconductor layer 130. The
first conductivity type semiconductor layer 110 may be
formed using, for example, a Group I1I-V compound semi-
conductor doped with a first conductivity type dopant. For
example, the Group III-V compound semiconductor may
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include at least one selected from the group consisting of
GalN, AIN, AlGaN, InGaN, InN, InAlGaN, AlInN, AlGaAs,

GaP, GaAs, GaAsP, and AlGalnP. For example, 11 the first
conductivity type semiconductor layer 110 1s formed of a N
type semiconductor, the first conductivity type dopant may be
selected from the Group V elements. The first conductivity
type semiconductor layer 110 may be formed to have, for
example, a single-layer or multi-layer structure; however,
embodiments are not limited thereto. A top surface of the first
conductivity type semiconductor layer 110 may be formed to
have a light extraction structure, such as a roughness pattern
112 for light extraction efficiency. Also, a transparent elec-
trode layer and an 1insulating layer may be formed for current
diffusion and light extraction; however, embodiments are not
limited thereto.

An electrode 115 may be disposed on the first conductivity
type semiconductor layer 110. The electrode 115 may be, for
example, a pad or may include a branch-type metal pattern
connected to the pad; however, embodiments are not limited
thereto. A top surface of the electrode 115 may be formed to
have a roughness pattern; however, embodiments are not
limited thereto.

The electrode 115 may ohmic-contact the top surface of the
first conductivity type semiconductor layer 110. The elec-
trode 115 may be formed, for example, 1n a single-layer or
multi-layer structure by using one or more selected from the
group consisting of Cr, T1, Al, In, Ta, Pd, Co, N1, S1, Ge, Ag,
Cu, and Au. The electrode 115 may be formed, for example,
of at least one selected from the above materials, 1n consid-
eration of the ohmic contact with the first conductivity type
semiconductor layer 110, adhesive force between the metal
layers, reflective characteristics, and conductive characteris-
tics.

The active layer 120 may be disposed under the first con-
ductivity type semiconductor layer 110. The active layer 120
may be formed to have, for example, a single or mult1 quan-
tum well structure. The active layer 120 may be formed, for
example, of a Group I1I-V compound semiconductor to have
a period of a well layer and a barrier layer. For example, the
active layer 120 may be formed to have an InGalN well layer/a
GaN barrier layer or an InGaN well layer/an ALGaN barrier
layer.

A conductive clad layer may be formed on and/or under the
active layer 120. For example, the conductive clad layer may
be formed of an AlGaN-based semiconductor.

The second conductivity type semiconductor layer 130
may be disposed under the active layer 120. The second
conductivity type semiconductor layer 130 may be formed
using, for example, a Group I1I-V compound semiconductor
doped with a second conductivity type dopant. For example,
the Group III-V compound semiconductor may include at
least one selected from the group consisting of GaN, AIN,
AlGaN, InGaN, InN, InAlGaN, AlInN, AlGaAs, GaP, GaAs,
GaAsP, and AlGalnP. For example, 11 the second conductivity
type semiconductor layer 110 1s formed of a P type semicon-
ductor, the second conductivity type dopant may be selected
from the Group III elements. The second conductivity type
semiconductor layer 130 may be formed to have, for example,
a single-layer or multi-layer structure; however, embodi-
ments are not limited thereto.

The light-emitting structure 135 may further include a third
conductivity type semiconductor layer 134, which may be of
the first conductivity type, disposed under the second conduc-
tivity type semiconductor layer 130, as shown in FIG. 1A.
The third conductivity type semiconductor layer may be
opposite 1n polarity to the second conductivity type semicon-
ductor layer 130. Also, the first conductivity type semicon-
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ductor layer 110 may be a P-type semiconductor layer, and
the second conductivity type semiconductor layer 130 may be
a N-type semiconductor layer. Accordingly, the light-emat-
ting structure 135 may include at least one of a N-P junction
structure, a P-N junction structure, a N-P-N junction struc-
ture, and a P-N-P junction structure.

The channel layer 140 and the reflective layer 150 may be
disposed under the second conductivity type semiconductor
layer 130 or the third conductivity type semiconductor layer
134. Hereinaftter, for convenience in description, it is assumed
that the second conductivity type semiconductor layer 130 1s
disposed as the lowermost layer of the light-emitting structure
135.

The reflective layer 150 may contact a bottom inner side of
the second conductivity type semiconductor layer 130, and
the channel layer 140 may contact a bottom edge of the
second conductivity type semiconductor layer 130. The chan-
nel layer 140 may be disposed on a channel region 105. The
channel region 105 may be an inter-chip boundary region, for
example, an edge region of the semiconductor light-emitting
device. A top outer side of the channel layer 140 may be
exposed to the outside, or may be covered by an insulating
layer 190. A top mner side of the channel layer 140 may
contact a bottom outer side of the second conductivity type
semiconductor layer 130.

The channel layer 140 may be formed, for example, 1n a
loop, ring or frame pattern along a bottom edge of the second
conductivity type semiconductor layer 130. The channel
layer 140 may include, for example, a continuous pattern
shape or a discontinuous pattern shape. Also, the channel
layer 140 may be formed on a path of a laser beam 1rradiated
onto the channel region 1n a fabrication process.

The channel layer 140 may be formed, for example, of at
least one of oxide, nitride, or an insulating material. For
example, the channel layer 140 may be formed of at least one
selected from the group consisting of I'TO (1indium tin oxide),
[70 (1indium zinc oxide), IZ’TO (1indium zinc tin oxide), IAZO
(indium aluminum zinc oxide), IGZ0O (indium galllum zinc
oxide), IGTO (indium gallium tin oxide), AZO (aluminum
zinc oxide), ATO (antimony tin oxide), GZO (gallium zinc
oxide), S10,, S10,, S10,N_, S1;N,, Al,O;, and T10,.

The channel layer 140 may prevent the occurrence of an
clectrical short even when an outer wall of the light-emitting
structure 135 1s exposed to moisture, thus making an LED
robust against high humidity. When the channel layer 140 1s
formed of a transparent material, irradiated laser beams may
be transmitted 1n a laser scribing process, thereby preventing
a metal material from being fragmented in the channel region
105 due to laser irradiation. Accordingly, an interlayer short
in sidewalls of the light-emitting structure 135 may be pre-
vented.

The channel layer 140 may provide a predetermined inter-
val between the retlective layer 150 and the outer wall of each
layer 110/120/130 of the light-emitting structure 135. The
channel layer 140 may be formed to a thickness of about 0.02
um to about 5 um. The thickness of the channel layer 140 may
vary according to chip size.

The retlective layer 150 may ohmic-contact the bottom
surface of the second conductivity type semiconductor layer
130 and may include a reflective metal. The reflective layer
150 may include, for example, seed metal used for a plating
process. Accordingly, the retlective layer 150 may include an
ohmic layer, a seed layer, and/or a retlective layer selectively;
however, embodiments are not limited thereto.

The reflective layer 150 may extend to a bottom surface of
the channel layer 140, and may be formed to contact the entire
bottom surface of the channel layer 140. The reflective layer
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150 may be formed to have a larger width and/or length than
the light-emitting structure 135, thus reflecting incident light
cifectively. Accordingly, light extraction efficiency may be
improved.

The reflective layer 150 may be formed, for example, 1n a
single-layer or multi-layer structure by using one selected
from the group consisting of Ag, N1, Al, Rh, Pd, Ir, Ru, Mg,
/Zn, Pt, Au, Hi, and a combination thereof. The reflective layer
150 may be formed 1n, for example, a multi-layer structure by
using the above materials and conductive oxide materials
such as IZ0,1ZT0O, IAZO,1GZ0,1GTO, AZO, and ATO. For
example, the retlective layer 150 may be formed 1n a struc-
ture, such as IZO/N1, AZO/Ag, 170/Ag/N1, and AZO/Ag/Na.

A current blocking layer 145 may be formed 1n a partial
region between the reflective layer 150 and the second con-
ductivity type semiconductor layer 130. The current blocking
layer 145 may be formed of a nonmetallic material having a
lower electrical conductivity than the reflective layer 150. For
example, the current blocking layer 145 may be formed of at
least one selected from the group consisting of ITO, 170,
[ZTO, IAZ0O, 1GZ0, 1IGTO, AZO, ATO, ZnO, S10,, Si10_,
SlOINy,J S1,N 4, Al, O, and T10,. Herein, 1f the reflective layer
150 1s formed of Ag, the current blocking layer 145 may be
tormed of ITO, ZnO, or S10,.

The current blocking layer 145 may be formed of the same
material as or a different material from the channel layer 140.
I1 the current blocking layer 145 and the channel layer 140 are
formed of the same material, they may be formed using the
same process.

The current blocking layer 145 may be formed to corre-
spond to a position and pattern of the electrode 115. A si1ze of
the current blocking layer 145 may vary according to a degree
ol current diffusion.

The current blocking layer 145 may be disposed 1n a struc-
ture corresponding to the electrode 115, thus diffusing a cur-
rent throughout an entire region of the chip. Also, the current
blocking layer 145 may be formed at an interface between the
reflective layer 150 and the adhesion layer 160, or at the
interface between the second conductivity type semiconduc-
tor layer 130 and the adhesion layer 160; however, embodi-
ments are not limited thereto.

The adhesion layer 160 may be formed to contact a bottom
of the retlective layer 150 without contacting a bottom of the
channel layer 140. The adhesion layer 160 may include, for
example, a barrier metal or a bonding metal. For example, the
adhesion layer 160 may be formed of at least one selected
from the group consisting of T1, Au, Sn, N1, Cr, Ga, In, B1, Cu,
Ag, and Ta.

The conductive support member 170 may be disposed
under the adhesion layer 160. The conductive support mem-
ber 170 may be adhered to the reflective layer 150 by, for
example, plating or sheet without forming the adhesion layer
160.

The conductive support member 170 may be a base sub-
strate formed using, for example, copper (Cu), aurum (Au),
nickel (N1), molybdenum (Mo), copper-tungsten (Cu—W),
or a carrier waler (Tor example, S1, Ge, GaAs, ZnO, S1C, GaN,
and S1Ge). Also, the conductive support member 170 may not
be formed or may be formed, for example, using a conductive
sheet.

An outer side of the light-emitting structure 135 may be
inclined, and the mnsulating layer 190 may be formed thereon.
The msulating layer 190 may have a bottom portion disposed
on the channel layer 140 and a top portion 194 disposed
around the first conductivity type semiconductor layer 110.
Accordingly, the insulating layer 190 may closely contact the
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ting structure 135, thereby preventing an interlayer short on
the outer surface of the light-emitting structure 135.

Referring to FIG. 2, the channel layer 140 may be formed
in a band around the chip. Inner regions C3 and C4 of the
channel layer 140 may correspond to a semiconductor region
Al, and outer regions C1 and C2 of the channel layer 140 may
be exposed outside of the chip outside of the semiconductor
region Al. An mner region 140A of the channel layer 140 may
be disposed at a portion of the semiconductor region Al.

An ohmic region A2 of the reflective layer 150 may be
disposed 1nside of the semiconductor region Al, and a width
D1 of the reflective layer 150 may be smaller than a width D2
of the semiconductor region Al. The ohmic region A2 may be
formed to have a size corresponding to a light-emitting
region.

The current blocking layer 145 may be formed to corre-
spond to a position and pattern of the electrode 115 1n the
semiconductor region Al. The current blocking layer 145
may be disposed inside of the ohmic region A2 and the semi-
conductor region Al. A size B1 of the current blocking layer
145 may vary according to a pad or electrode pattern.

FIGS. 3 to 13 are sectional views illustrating a process for
fabricating a semiconductor light-emitting device according
to an embodiment. Referring to FIGS. 3 and 4, a substrate 101
may be loaded on a growth equipment, and a Group II to VI
compound semiconductor may be formed thereon in, for
example, a layer or pattern shape. The growth equipment may
be, for example, one of a PVD (physical vapor deposition)
equipment, a CVD (chemical vapor deposition) equipment, a
PLD (plasma laser deposition) equipment, a dual-type ther-
mal evaporator, a sputtering equipment, and an MOCVD
(metal organic chemical vapor deposition) equipment; how-
ever, embodiments are not limited thereto.

The substrate 101 may be formed, for example, of at least
one selected from the group consisting sapphire (Al,O,),
GaN, Si1C, ZnO, S1, GaP, InP, Ga,0,, conductive matenal,
and GaAs. A roughness pattern may be formed in a top
surface of the substrate 101. Also, a layer or pattern based on
a Group II to VI compound semiconductor, for example, at
least one of an ZnO layer (not 1llustrated), a buffer layer (not
illustrated) and an undoped semiconductor layer (not 1llus-
trated) may be formed on the substrate 101. The butifer layer
or the undoped semiconductor layer may be formed using, for
example, a group I1I-V compound semiconductor. The butifer
layer may reduce a lattice constant with the substrate 101, and
the undoped semiconductor layer may be formed of an
undoped GaN-based semiconductor.

A first conductivity type semiconductor layer 110 may be
formed on the substrate 101. An active layer 120 may be
formed on the first conductivity type semiconductor layer
110. A second conductivity type semiconductor layer 130
may be formed on the active layer 120.

The first conductivity type semiconductor layer 110 may
be formed using, for example, a Group I11-V compound semi-
conductor doped with a first conductivity type dopant. For
example, the Group III-V compound semiconductor may
include at least one selected from the group consisting of
GalN, AIN, AlGaN, InGaN, InN, InAlGaN, AllnN, AlGaAs,
GaP, GaAs, GaAsP, and AlGalnP. For example, 11 the ﬁrst
conductivity type semiconductor layer 110 1s formed of a N
type semiconductor, the first conductivity type dopant may be
selected from the Group V elements. The first conductivity
type semiconductor layer 110 may be formed to have, for
example, a single-layer or multi-layer structure; however,
embodiments are not limited thereto.

The active layer 120 may be formed on the first conductiv-
ity type semiconductor layer 110. The active layer 120 may be
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formed to have, for example, a single or multi quantum well
structure. The active layer 120 may be formed, for example,
of a Group I1I-V compound semiconductor to have a period of
a well layer and a barrier layer, for example, a period of an
InGaN well layer/a GaN barrier layer or an InGaN well layer/
an AlGaNN barrier layer.

A conductive clad layer may be formed on and/or under the
active layer 120. For example, the conductive clad layer may
be formed of an AlGaN-based semiconductor.

The second conductivity type semiconductor layer 130
may be formed on the active layer 120. The second conduc-
tivity type semiconductor layer 130 may be formed using, for
example, a Group III-V compound semiconductor doped
with a second conductivity type dopant. For example, the
Group compound semiconductor may include at least one
selected from the group consisting of GaN, AIN, AlGaN,
InGaN, InN, InAlGaN, AlInN, AlGaAs, GaP, GaAs, GaAsP,
and AlGalnP. For example, i the second conductivity type
semiconductor layer 110 1s formed of a P type semiconductor,
the second conductivity type dopant may be selected from the
Group 1II elements. The second conductivity type semicon-
ductor layer 130 may be formed to have, for example, a
single-layer or multi-layer structure; however, embodiments
are not limited thereto.

The first conductivity type semiconductor layer 110, the
active layer 120, and the second conductivity type semicon-
ductor layer 130 may constitute a light-emitting structure
135. Also, a third conductivity type semiconductor layer 134,
for example, a N-type semiconductor layer may be formed on
the second conductivity type semiconductor layer 130.
Accordingly, the light-emitting structure 135 may be formed
to include at least one of a N-P junction structure, a P-N
junction structure, a N-P-N junction structure, and a P-N-P
junction structure.

A channel layer 140 may be formed 1n each chip boundary
region (channel region). The channel layer 140 may be
formed around each chip region by using, for example, a
mask pattern. The channel layer 140 may be formed, for
example, 1 a loop, ring, or frame pattern. The channel layer
140 may be formed, for example, of at least one of oxide,
nitride, or insulating material. For example, the channel layer
140 may be formed of at least one selected from the group
consisting of ITO (indium tin oxide), IZO0 (indium zinc
oxide), IZTO (indium zinc tin oxide), IAZO (indium alumi-
num zinc oxide), IGZ0O (indium galllum zinc oxide), IGTO
(indium galllum tin oxide), AZO (aluminum zinc oxide),
ATO (antimony tin oxide), GZO (gallium zinc oxide), S10.,,
S10,, S1I0,N,, S1;N,4, Al,O3, and T10..

For example, the channel layer 140 may be formed using,
for example, a photolithography process. The channel-layer
140 may be formed of the above material using, for example,
a sputtering process or a deposition process. If the channel
layer 140 1s formed of a conductive oxide material, it may
serve as a current diffusion or injection layer.

Referring to FIGS. 4 to 6, a current blocking layer 145 may
be formed on the second conductivity type semiconductor
layer 130. The current blocking layer 145 may be formed, for
example, using a mask pattern. The current blocking layer
145 may be formed, for example, of the same matenal as or a
different material from the channel layer 140. The formation
order may vary according to such a material difference. For
example, 1f the channel layer 140 and the current blocking
layer 145 are formed of the same material, they may be
formed using one process.

The current blocking layer 145 may be formed of a material
having a lower electrical conductivity than the semiconductor
layer, or may be formed to have a lower electrical conductiv-
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ity than the semiconductor layer. For example, the current
blocking layer 145 may be formed of at least one selected

from the group consisting of ITO, IZ0, IZTO, IAZO, 1GZ0,
IGTO, AZO, ATO, Zn0O, $10,, S10,, S10,N,, S1;N,, Al,Os,
and T10,. The current blocking layer 145 may be formed 1n a
desired region by, for example, using a mask pattern. The
current blocking layer 145 may be formed to correspond to a
position and pattern of a region for the electrode 115. The
current blocking layer 145 may be formed in the same shape
as an electrode pattern; however, embodiments are not limited
thereto.

The current blocking layer 145 may be formed to corre-
spond to a pad position and/or electrode pattern. The current
blocking layer 145 may be disposed inside of the retlective
layer 150. Thus, 1n comparison with adjacent regions, the
current blocking layer 145 may have little current flowing
therethrough, thus making 1t possible to supply a current 1n a
diffused manner. The current blocking layer 145 may be
formed, for example, 1 a polygonal or circular pattern, or
may not be formed.

Referring to FIGS. 5 and 7, a retlective layer 150 may be
tformed on the second conductivity type semiconductor layer
130 to ohmic-contact the second conductivity type semicon-
ductor layer 130. The reflective layer 150 may be formed on
the second conductivity type semiconductor layer 130 and the
current blocking layer 143 to reduce contact resistance.

The reflective layer 150 may be formed, for example, 1n a
single-layer or multi-layer structure by using at least one
selected from the group consisting of Ag, N1, Al, Rh, Pd, I,
Ru, Mg, Zn, Pt, Au, Hi, and a combination thereof. Also, the
reflective layer 150 may be formed, for example, 1n a multi-

layer structure by using the above metallic material, and a
conductive oxide material, such as IZ0, IZTO, IAZO, 1GZO,

IGTO, AZO, and ATO. For example, the reflective layer 150
may be formed of IZO/N1, AZO/Ag, 170/Ag/N1, or AZO/Ag/
Ni. For example, the reflective layer 150 may be formed
using, for example, an E-beam (electron beam) process or a
sputtering process; however, embodiments are not limited
thereto.

For example, the reflective layer 150 may be formed to
have a stack structure of a first adhesion layer/a retlective
layer/a second adhesion layer/a seed layer. The first and sec-
ond adhesion layers may include Ni, the reflective layer may
include Ag, and the seed layer may include Cu. The first
adhesion layer may be formed to a thickness of less than
several nm, the reflective layer may be formed to a thickness
of less than hundreds of nm, and the second adhesion layer
may be formed to a thickness of less than tens of nm, and the
seed layer may be formed to a thickness of less than 1 um;
however, embodiments are not limited thereto.

The reflective layer 150 may be formed to cover up to a
bottom of the channel layer 140. The reflective layer 150 may
serve as an electrode, because 1t may be formed of a reflective
metal. Also, the reflective layer 150 and the metal materials
thereon may serve as an electrode.

Referring to FIGS. 7 and 8, an adhesion layer 160 may be
formed on the reflective layer 150. The adhesion layer 160
may include a barrier metal or a bonding metal. For example,
the adhesion layer 160 may be formed of at least one selected
from the group consisting of T1, Au, Sn, N1, Cr, Ga, In, B1, Cu,
Ag, and Ta.

A conductive support member 170 may be formed on the
adhesion layer 160. The conductive support member 170 may
be a base substrate formed using, for example, copper (Cu),
aurum (Au), nickel (N1), molybdenum (Mo), copper-tungsten
(Cu—W), or a carrier water (e.g., S1, Ge, GaAs, Zn0O, S1C,
GaN, and S1Ge). The conductive support member 170 may be
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bonded to the adhesion layer 160, may be formed of a plating,
layer, or may be adhered by a conductive sheet. In one
embodiment, the adhesion layer 160 may not be formed. In
this case, the conductive support member 170 may be formed
on the reflective layer 150.

Referring to FIGS. 9 and 10, the conductive support mem-
ber 170 may be turned to become the base, and the substrate
101 on the light-emitting structure 135 removed. For
example, the substrate 101 may be removed using, for
example, a Laser Lift Ofif (LLO) process. The LLO process
may rradiate a laser beam of a predetermined wavelength
onto the substrate 101 to remove the substrate 101. Herein, 1f
another semiconductor layer (for example, a butfer layer) or
an air gap 1s present between the substrate 101 and the first
conductivity type semiconductor layer 110, the substrate 101
may be removed using a wet etchant.

A polishing process based on ICP/RIE (Inductively
coupled Plasma/Reactive Ion Etching) may be performed on
the surface of the first conductivity type semiconductor layer
110 removed of the substrate 101.

Referring to FIGS. 10 and 11, the channel region 105 of the
light-emitting structure 135 may be removed using, for
example, an 1solation etching process. That 1s, an 1solation
etching process may be performed on an inter-chip boundary
region. By the 1solation etching process, the channel layer 140
may be exposed to the channel region 105 and a side of the
light-emitting structure 135 may be inclined.

If the channel layer 140 1s formed of a transparent material,
laser beams 1rradiated 1n the 1solation etching process or the
laser scribing process may be transmitted therethrough,
thereby suppressing the below metal matenals (for example,
the materials of the reflective layer 150, the adhesion layer
160, and the conductive support member 170) from being
fragmented or projected 1n the laser irradiation direction. The
channel layer 140 may transmit the laser beams, thereby
making 1t possible to prevent metal fragments from being
generated by the laser beams 1n the channel region 105 and to
protect an outer wall of each layer of the light-emitting struc-
ture 135.

Thereafter, an etching process may be performed on a top
surface of the first conductivity type semiconductor layer 110
to form a roughness pattern thereon. The roughness pattern
may 1mprove light extraction efficiency.

Referring to FIGS. 12 and 13, an insulating 190 may be
formed around the light-emitting structure 135, wherein a
bottom portion may be formed on the channel layer 140 and
a top portion 194 may be formed around a top surface of the
first conductivity type semiconductor layer 110. The insulat-
ing layer 190 may be formed around the light-emitting struc-
ture 135, thus making 1t possible to prevent a short between
the layers 110,120 and 130. Also, the insulating layer 180 and
the channel layer 140 may prevent moisture from infiltrating,
into the chip.

An electrode 115 may be formed on the first conductivity
type semiconductor layer 110. The electrode 115 may be
formed 1n a predetermined pattern. The forming of the 1nsu-
lating layer 190 and the electrode 115 may be performed
before or after chip separation; however, embodiments are not
limited thereto. The electrode 115 may be formed to corre-
spond to a position of the current blocking layer 145, and a
roughness pattern may be formed in a top surface of the
electrode 115; however, embodiments are not limited thereto.

Thereafter, the resulting structure may be separated 1nto
separate chip units by a chip boundary. The chip separation
may be performed, for example, a laser or a breaking process.
A sectional view taken along a line I1I-1I of FIG. 13 1s the same

as FI1G. 2.
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FIG. 14 1s a sectional view of a semiconductor light-emit-
ting device according to another embodiment. In describing
the embodiment of FIG. 14, repetitive description overlap-
ping with the embodiment of FIG. 1 has been omatted.

Referring to FIG. 14, a semiconductor light-emitting
device 100A may include a channel layer 140, a current
blocking layer 145, and a reflective layer 151 that are dis-
posed under a second conductivity type semiconductor layer
130. The channel layer 140, the current blocking layer 145,
and the reflective layer 151 may be formed notto overlap each
other.

An adhesion layer 160 and/or a conductive support mem-
ber 170 may be formed under the channel layer 140, the
reflective layer 151, and the current blocking layer 145. The
adhesion layer 160 may contact bottoms of the channel layer
140, the reflective layer 151, and the current blocking layer
145. The channel layer 140 may provide a predetermined
interval between the adhesion layer 160 and an outside or
outer wall of the light-emitting structure 135. The reflective
layer 151 may ohmic-contact the second conductivity type
semiconductor layer 130 1n an inner region of the channel
layer 140. The current blocking layer 145 may be formed 1n a
pattern corresponding to the electrode 1135 1n the reflective
layer 151. The retlective layer 151 may be formed only 1n the
ohmic contact region, so that the ohmic contact region and the
reflective region may be formed to have the same size.

FIG. 15 1s a sectional view of a semiconductor light-emit-
ting device according to another embodiment. In describing
the embodiment of FIG. 15, repetitive description overlap-
ping with the embodiment of FIG. 1 has been omitted.

Referring to FIG. 15, a semiconductor light-emitting
device 100B may have a modified adhesion structure of a
reflective layer 152 and a channel layer 140 under a light-
emitting structure 135. An outer end 152A of the retlective
layer 152 may overlap with an inner end 140A of the channel
layer 140 by a predetermined amount or distance (or width)
D3. Also, the outer end 152 A of the reflective layer 152 may
be spaced apart by a predetermined distance D2 from the
outer wall of the chip. Therefore, 1t may not be exposed at the
outer wall of the chip, thus making it possible to overcome the
problem of exfoliation at the outer wall of the chip.

The overlap distance D3 of the retlective layer 152 with the
bottom of the channel layer 140 may be less than approxi-
mately 80% of the bottom width (D2+D3) of the channel
layer 140. Because the overlap distance D3 of the reflective
layer 152 1s reduced, the problem of a decrease in adhesive
force by the matenial of the reflective layer 152 may be
reduced. For example, 11 the width (D2+D3) of the channel
layer 140 1s about 75 the overlap distance D3 may be less than
about 6 um.

FIG. 16 15 a sectional view of a semiconductor light-emit-
ting device according to another embodiment. In describing
the embodiment of FIG. 16, repetitive description overlap-
ping with the embodiment of FIG. 1 has been omatted.

Retferring to FIG. 16, a semiconductor light-emitting
device 100C may have a stack structure of a channel layer 141
and a capping layer 155 1n a channel region 105. An mnner side
of the channel layer 141 may contact the bottom of the second
conductivity type semiconductor layer 130 and an outer side
of the channel layer 141 may be exposed to the outside of the
chip. The channel layer 141 may be formed, for example, of
oxide-based materials 1n this embodiment. For example, the
channel layer 141 may be formed of at least one selected from

the group consisting of ITO, 120, 1210, 1AZO, 1GZ0O,
IGTO, AZO, ATO, GZ0, S10,, S10,_, Al,O;, and Ti10,.

The capping layer 155 may be formed, for example, of a
metal having a good adhesive force with an oxide, for
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example, at least one selected from the group consisting of 11,
Ni, Pt, Pd, Cu, Al, Ir, and Rh. That 1s, the capping layer 155
may be, for example, a single-layer or multi-layer adhesive
layer using the above materials, which may increase the adhe-
sive force between the metal and the oxide material, thus
reducing the problem of exioliation at the outer wall of the
chip. The capping layer 155 may be formed to a thickness of
less than a few hundreds of nm. The capping layer 155 may be
tormed using, for example, an e-beam deposition process or a
sputtering process; however, embodiments are not limited
thereto.

The capping layer 155 may be formed between the reflec-
tive layer 150 and the bottom surface of the channel layer 141
to increase the adhesive force of the reflective layer 150, thus
reducing the problem of interlayer exioliation at the outer
wall of the chip.

FIG. 17 1s a sectional view of a semiconductor light-emait-
ting device according to another embodiment. FIG. 18 1s a
sectional view taken along a line XVIII-XVIII of FIG. 17. In
describing the embodiment of FIG. 17, repetitive description
overlapping with the above described embodiments has been
omitted.

Referring to FIGS. 17 and 18, a semiconductor light-emit-
ting device 100D may have a capping layer 155 surrounding
a bottom edge of a channel layer 141. A channel layer 141
may be formed at a bottom outer side of the light-emitting,
structure 135, and the capping layer 155 may be disposed
under the channel layer 141. The channel layer 141 may be
formed, for example, 1n a ring or band pattern with a prede-
termined width along the chip. The capping layer 155 may be
formed 1n a bottom surface and an inner surface o the channel
layer 141. As illustrated 1n FIG. 18, an inner end 155A of the
capping layer 155 may be formed, for example, 1n a ring or
band pattern along a region between the retlective layer 150
and the channel layer 141. In FIG. 18, ‘E1’ denotes a semi-
conductor region.

The second conductivity type semiconductor layer 130
may contact the reflective layer 150, the channel layer 141, a
current blocking layer 143, and the capping layer 155. There-
fore, the second conductivity type semiconductor layer 130
may be protected by the channel layer 141 outside of the chip
and may be supplied with a current through the reflective
layer 150 and the capping layer 155 mside of the chip.

FIG. 19 1s amodification of FI1G. 18. Referring to FIGS. 17
and 19, an end portion 155B of the capping layer 155 may be
formed to have a plurality of patterns (not a single pattern).
That 1s, the end portion 1535B of the capping layer 135 may be
separated at regular intervals or at irregular intervals to con-
tact the bottom surface of the second conductivity type semi-
conductor layer 130 1n a roughness structure. This adhesion
structure can increase the adhesive force of the capping layer
155 and the reflective layer 150 with respect to the channel
layer 141. Some or all of the capping layers 155 may be
formed to have a plurality of patterns.

FIG. 20 1s a sectional view of a semiconductor light-emit-
ting device according to another embodiment. In describing
the embodiment of FIG. 20, repetitive description overlap-
ping with the above described embodiments has been omit-
ted.

Referring to FIG. 20, a semiconductor light-emitting
device 100E may have a modified adhesion structure of a
channel layer 141, a capping layer 155, and a reflective layer
150 disposed 1n a channel region 105. The reflective layer 150
may be formed to be narrower than the reflective layer of FIG.
16. An outer end 152 of the reflective layer 150 may overlap
with the bottom of an 1nner end 143 of the capping layer 155
by a predetermined amount or distance (or width) D3. The
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overlap distance D5 may be less than approximately 80% of
the width (D4+D3) of the capping layer 155, and an outer end
of the reflective layer 150 may be spaced apart by a predeter-
mined distance D4 from the outer wall of the chip. The cap-
ping layer 155 may be formed under the channel layer 141 to
have the same width (D4+D5) as the channel layer 144, or
may be formed to be narrower than the channel layer 141.

FIG. 21 1s a sectional view of a semiconductor light-emit-
ting device according to another embodiment. In describing
the embodiment of FIG. 21, repetitive description overlap-
ping with the above described embodiments has been omit-
ted.

Referring to FIG. 21, a semiconductor light-emitting
device 100F may include a channel layer 141, a capping layer
155, and a reflective layer 150 that are formed around the
bottom of a light-emitting structure 135. An inner top surface
of the channel layer 141 may contact the bottom surface of the
second conductivity type semiconductor layer 130, and the
bottom surface and the inner surface of the channel layer 141
may be covered with the capping layer 155. An inner end
155 A of the capping layer 155 may contact the bottom surface
of the second conductivity type semiconductor layer 130 to
supply a current. An outside or outer edge of the reflective
layer 150 may contact the capping layer 155 and may not
contact the channel layer 141, thus improving adhesive force
for the outside of the reflective layer 150.

Also, an end portion 152 of the reflective layer 152 may be
disposed to overlap with the bottom of the capping layer 155
by a predetermined distance D6. Herein, the overlap distance
D6 may be less than approximately 80% of the width of the
channel layer 141. Because the end portion 152 of the retlec-
tive layer 152 may be disposed to overlap with the bottom of
the capping layer 155, the adhesive force of the reflective
layer 152 with the end portion 152 may be increased.

FIG. 22 15 a sectional view of a semiconductor light-emit-
ting device according to another embodiment. In describing
the embodiment of FIG. 22, repetitive description overlap-
ping with the above described embodiments has been omit-
ted.

Retferring to FIG. 22, a semiconductor light-emitting
device 200 may include a light-emitting structure 135, a chan-
nel layer 240, a current blocking layer 245, a retlective layer
250, an adhesion layer 260, a conductive support member
2770, and an ohmic layer 280. The channel layer 240 may be
disposed around the bottom of the second conductivity type
semiconductor layer 130, and the ohmic layer 280 and the
current blocking layer 245 may be disposed inside the second
conductivity type semiconductor layer 130. The channel
layer 240 may be the same as that of the embodiment of FIG.
1. The current blocking layer 245 may be formed between the
second conductivity type semiconductor layer 130 and the
ohmic layer 280 to diffuse a current.

The ohmic layer 280 may be formed between the reflective
layer 250 and the second conductivity type semiconductor
layer 130 of a light-emitting structure 135. The ohmic layer
280 may be formed, for example, of a conductive oxide mate-
rial selected from the group consisting of ITO, 120, IZTO,
[AZO, IGZ0O, IGTO, AZO, ATO, GZ0O, and a combination
thereof. That 1s, the ohmic layer 280 may contact the bottom
surface of the second conductivity type semiconductor layer
130. The ohmic layer 280 may be formed, for example, using
a sputtering process (for example, radio-frequency-magne-
tron sputtering) or a deposition process; however, embodi-
ments are not limited thereto. The ohmic layer 280 may be
formed to a thickness of less than several nm; however,
embodiments are not limited thereto.




US 8,513,679 B2

13

The ohmic layer 280 may contact bottoms of the channel
layer 240, the second conductivity type semiconductor layer
130, and the current blocking layer 245 to supply a current,
applied through the adhesion layer 260, to the second con-
ductivity type semiconductor layer 130. For example, the
reflective layer 250 may be formed to have a stack structure of
a first adhesion layer/a reflective layer/a second adhesion
layer/a seed layer. The first and second adhesion layers may
include N1, the reflective layer may include Ag, and the seed
layer may include Cu. The first adhesion layer may be formed
to a thickness of less than several nm, the reflective layer may
be formed to a thickness of less than hundreds of nm, the
second adhesion layer may be formed to a thickness of less
than tens of nm, and the seed layer may be formed to a
thickness of less than 1 um; however, embodiments are not

limited thereto.
FI1G. 23 15 a sectional view taken along line XXIII-XXIII of

FIG. 22. Referring to FIG. 23, an nner region 240A of the

channel layer 240 may be disposed outside of a semiconduc-
tor region Al, and an ohmic region A4 of an ohmic layer 280
and a region of a current blocking layer 2435 may be disposed
inside of the semiconductor region Al. A width D12 of the
semiconductor region A1l may be larger than a width D11 of
the ohmic layer 280. The distances D14 and D13 of the inner
region and the outer region of the channel layer 240 may be
equal to or different from each other; however, embodiments
are not limited thereto.

FIG. 24 1s a sectional view of a semiconductor light-emit-
ting device according to another embodiment. In describing
the embodiment of FIG. 24, repetitive description overlap-
ping with the above described embodiments has been omit-
ted.

Referring to FIG. 24, a semiconductor light-emitting
device 201 may have a modified retlective layer 250. The
reflective layer 250 may be disposed only 1n a region not a
channel region 1035 of the ohmic layer 280 (that 1s, only 1n an
ohmic region) to reflect incident light. An outer end 251 of the
reflective layer 250 may not be exposed outside of the chip.

FIG. 25 1s a sectional view of a semiconductor light-emit-
ting device according to another embodiment. In describing
the embodiment of FIG. 25, repetitive description overlap-
ping with the above described embodiments has been omit-
ted.

Referring to FIG. 25, a semiconductor light-emitting
device 201 A may have a conductive oxide-based ohmic layer
280 formed to ohmic-contact a bottom of a light-emitting
structure 135, and a transparent channel layer 240 formed at
an outside of the light-emitting structure 135.

An end portion 251 of the reflective layer 250 may be
tformed to overlap with a channel region 105 by a predeter-
mined distance D16. Herein, the overlap distance D16 may be
less than approximately 80% of the bottom width (D15+D16)
of the channel layer 240. That1s, as illustrated in FIGS. 24 and
26, some or an entire reflective layer 250 may contact the
ohmic layer 280 under a region of the channel layer 240.

FIG. 26 1s a sectional view of a semiconductor light-emit-
ting device according to another embodiment. In describing
the embodiment of FIG. 26, repetitive description overlap-
ping with the above described embodiments has been omit-
ted.

Referring to FIG. 26, a semiconductor light-emitting
device 202 may have a conductive oxide-based ohmic layer
280 formed to ohmic-contact a bottom of a light-emitting
structure 135, and a transparent channel layer 240 formed at
the outside of the light-emitting structure 135. A reflective
layer 250 may be formed under the ohmic layer 280, and a
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capping layer 255 may be formed between the ohmic layer
280 and the reflective layer 250.

The capping layer 255 may be formed, for example, of a
metal having a good adhesive force with an oxide, for
example, one or more selected from the group consisting of
T1, N1, Pt, Pd, Cu, Al, Ir, and Rh. That 1s, the capping layer 255
may be, for example, a single-layer or multi-layer adhesion
layer using the above materials, which increases the adhesive
force between the metal and the oxide material, thus reducing
exioliation at the outer wall of the chip.

The capping layer 235 may be formed between an outer
bottom surface of the ohmic layer 240 and an outer top sur-
face of the retlective layer 250 to increase the adhesive force
of the reflective layer 250 with respect to the outside, thus
reducing interlayer extoliation at the outer wall of the chip.
The outside of the reflective layer 250 may be formed to
extend to the outside of the chip along the bottom surface of
the capping layer 255.

FIG. 27 1s a sectional view of a semiconductor light-emit-
ting device according to another embodiment. In describing
the embodiment of FIG. 27, repetitive description overlap-
ping with the above described embodiments has been omit-
ted.

Referring to FIG. 27, a semiconductor light-emitting
device 203 may include an ohmic layer 280 formed under a
channel layer 240, a capping layer 255 formed under the
ohmic layer 280, and a reflective layer 250 formed under the
capping layer 255 1n a channel region 103. The capping layer
2355 may be formed around an outer edge of the ohmic layer
280 to reduce a contact area with respect to the reflective layer
250. The ohmic layer 280 may be formed, for example, of a
conductive oxide maternial. The capping layer 255 may be
formed 1n an outer channel region 105 between the ohmic
layer 280 and the reflective layer 250. The capping layer 255
may be formed, for example, of a metal having a good adhe-
stve Torce with respect to the oxide material.

An 1mner end 255A of the capping layer 255 may be formed
to extend to a portion of an ochmic contact region of the ochmic
layer 280. Herein, the outside of the ohmic layer 280 may
cover an edge of the channel layer 240, and the capping layer
2355 may extend to a cover region of the ohmic layer 280 with
respect to the channel layer 240.

FIG. 28 1s a sectional view of a semiconductor light-emit-
ting device according to another embodiment. In describing
the embodiment of FIG. 28, repetitive description overlap-
ping with the above described embodiments has been omit-
ted.

Referring to FIG. 28, a semiconductor light-emitting
device 204 may have a stack structure of a channel layer 240,
a capping layer 255, and an outer end 281 of an ohmic layer
280 disposed under the channel layer 240 1in a channel region
105. The outer end 281 of the ohmic layer 280 may extend to
an mner bottom side of the channel layer 240 and may not be
exposed outside of the chip. The capping layer 255 may be
formed under a bottom outside of the channel layer 240 and
the outer end 281 of the ohmic layer 280. The capping layer
255 may contact bottoms of the ohmic layer 280 and the
channel layer 240, thereby improving adhesive force of the
reflective layer 250.

FIG. 29 15 a sectional view of a semiconductor light-emit-
ting device according to another embodiment. In describing
the embodiment of FIG. 9, repetitive description overlapping
with the above described embodiments has been omitted.

Referring to FIG. 29, a semiconductor light-emitting
device 204 A may have a modified capping layer 255 of the
channel region 105 1n comparison with the semiconductor
light-emitting device of FIG. 28. The capping layer 255 may
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be formed under a bottom outside of the channel layer 240
and an outer end 281 of the ohmic layer 280, and its inner end
255A may be formed to extend up a portion of an ohmic
contact region of the ohmic layer 280. The ohmic contact
region of the ohmic layer 280 may be a region contacting the
second conductivity type semiconductor layer 130, and the
ohmic layer 280 may be disposed between the end 255A of
the capping layer 255 and the second conductivity type semi-
conductor layer 130.

The reflective layer 250 may contact the bottom of the
capping layer 255 and may be exposed to the outer wall of the
chip. The capping layer 255 may contact outer bottoms of the
ohmic layer 280 and the channel layer 240, thereby improv
ing adhesive force of the reflective layer 250.

FIG. 30 1s a sectional view of a semiconductor light-emit-
ting device according to another embodiment. In describing
the embodiment of FIG. 30, repetitive description overlap-
ping with the embodiment of FIG. 29 has been omuitted.

Referring to FIG. 30, a semiconductor light-emitting
device 205 may include an ohmic layer 280 formed at the
bottom surface of a channel layer 240, a capping layer 2355
tormed under the outside of the ohmic layer 280, and a retlec-
tive layer 250 formed at a portion of the bottom of the capping,
layer 255. An end portion 250A of the retlective layer 250
may extend to a bottom 1nside of the capping layer 255 and
may not be exposed to the outer wall of the chip. Accordingly,
a decrease 1n adhesive force 1n the end portion 250A of the
reflective layer 250 may be prevented.

FIG. 31 1s a sectional view of a semiconductor light-emit-
ting device according to another embodiment. In describing
the embodiment of FIG. 31, repetitive description overlap-
ping with the embodiment of FIG. 30 has been omuitted.

Referring to FIG. 31, a semiconductor light-emitting
device 205A may 1nclude an ohmic layer 280 formed at the
bottom surface of a channel layer 240, a capping layer 2355
tormed under the outside of the ohmic layer 280, and a retlec-
tive layer 250 extending to the bottom 1nside of the capping
layer 255. The retlective layer 250 may be formed under the
ohmic layer 280. An end portion 250A of the retlective layer
250 may extend to a bottom inside of the capping layer 255
and may not be exposed to the outer wall of the chip. Accord-
ingly, a decrease in the adhesive force in the end portion 250A
of the reflective layer 250 may be prevented.

Aninner end 255A of the capping layer 255 may be formed
to extend an ohmic contact region of the ohmic layer 280 to
increase the contact area between the ohmic layer 280 and the
reflective layer 250. The end portion 250A of the reflective
layer 250 may be disposed to overlap with the bottom of the
channel layer 240, and may be formed to have a width less
than approximately 80% of the width of the channel layer
240.

FI1G. 32 1s a sectional view of a semiconductor light-emait-
ting device according to another embodiment. In describing,
the embodiment of FIG. 32, repetitive description overlap-
ping with the embodiment of FIG. 32 has been omitted.

Referring to FIG. 32, a semiconductor light-emitting
device 206 may include a channel layer 240 formed under the
outside of a light-emitting structure 135, an ohmic layer 280
formed under the second conductivity type semiconductor
layer 130 and inside of the channel layer 240, and a capping
layer 255 formed under the outside of the channel layer 240
and the outside of the ohmic layer 280. A retlective layer 250
may be formed under the ohmic layer 280 and inside of the
capping layer 255.

The reflective layer 250 may extend to an mner bottom of
the capping layer 2355. The extending portion 250 A may have
a region overlapping with the channel layer 240, and a width
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ol the overlap region may be less than approximately 80% of
the bottom width of the channel layer 240.

An adhesive layer 260 and the outside of the reflective layer
250 may contact the bottom of the capping layer 255, thereby
improving adhesive force of the reflective layer 250 and the
adhesion layer 260.

FIG. 33 15 a sectional view of a semiconductor light-emit-
ting device according to another embodiment. In describing
the embodiment of FIG. 33, repetitive description overlap-
ping with the embodiment of FIG. 32 has been omutted.

Referring to FIG. 33, a semiconductor light-emitting
device 206A may include a channel layer 240 formed under
an outside of a light-emitting structure 135, an ochmic layer
280 formed under the second conductivity type semiconduc-
tor layer 130 and inside of the channel layer 240, and a

capping layer 255 formed under the outside of the channel
layer 240 and the outside 281 of the ohmic layer 280. A

reflective layer 250 may be formed under the ohmic layer 280
and 1nside of the capping layer 255.

The retlective layer 250 may extend to the inner bottom of
the capping layer 255. The extending portion 250 A may have
a region spatially overlapping with the channel layer 240, and
a width of the overlap region may be less than approximately
80% of a bottom width of the channel layer 240.

An adhesion layer 260 and the outside of the reflective
layer 250 may contact the bottom of the capping layer 255,
thereby improving adhesive force of the reflective layer 250
and the adhesion layer 260.

An end portion 255A of the capping layer 255 may extend
to an ohmic contact region of the ohmic layer 280 to reduce
the contact area between the reflective layer 250 and the
ohmic layer 280. Accordingly, the capping layer 255 may
improve adhesive force between the reflective layer 230, the
ohmic layer 280, and the adhesion layer 260.

FIGS. 34 to 42 are sectional views of semiconductor light-
emitting devices according to additional embodiments. In
describing the embodiment of FIG. 34, repetitive description
overlapping with the embodiment of FIG. 1 has been omitted.

Retferring to FIG. 34, in a semiconductor light-emitting,
device 100G, roughness patterns P1 and P2 are formed on top
and bottom surfaces of a channel layer 140 to increase adhe-
stve force according to an increase in contact area. The top
roughness pattern P1 of the channel layer 140 contacts the
second conductivity type semiconductor layer 130, and bot-
tom roughness pattern P2 of the channel layer 140 contacts a
top surface of the reflective layer 150. Accordingly, contact
area and adhesive force between the second conductivity type
semiconductor layer 130 and the retlective layer 150 may be
improved. The top and bottom roughness patterns P1 and P2
of the channel layer 140 may change a critical angle of light
output/imput through the surface.

The roughness patterns P1 and P2 may have, for example,
a prism, stripe, convexo-concave, or triangular sectional
shape, which may vary within the technical scope of the
inventive concept. The top roughness pattern P1 may be
formed, for example, by etching a bottom surface of the
second conductivity type semiconductor layer 130 1n a pat-
tern shape. The bottom roughness pattern P2 may be formed,
for example, by etching a bottom surface of the channel layer
140.

In describing the embodiment of FIG. 35, repetitive
description overlapping with the embodiments of F1IGS. 1 and
34 has been omitted. Referring to FI1G. 35, 1n a semiconductor
light-emitting device 100H, a roughness pattern P2 may be
formed on a bottom surface of a channel layer 140 to increase
the adhesive force according to an increase in contact area
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with the reflective layer 150. The roughness pattern P2 of the
channel layer 140 may change a critical angle of light output/
input through the surface.

In describing the embodiment of FIG. 36, repetitive
description overlapping with the embodiments of FIGS. 1 and
34 has been omitted. Referring to FI1G. 36, 1n a semiconductor
light-emitting device 1001, a roughness pattern P2 may be
formed on an outer top and/or bottom surface(s) of a retlective
layer 150 to increase adhesive force according to an increase
in contact area with the adhesion layer 160 and the channel
layer 140 adjacent to the outside the reflective layer 150. The
top roughness pattern P2 of the channel layer 140 may change
a critical angle of light output/input through the surface, and
the bottom roughness pattern P3 may improve adhesive force
with respect to the adhesion layer 160.

In describing the embodiment of FIG. 37, repetitive
description overlapping with the embodiments of F1IGS. 1 and
34 has been omitted. Referring to FI1G. 37, 1n a semiconductor
light-emitting device 100J, a bottom of a channel layer 140A
may be etched to form a sawtooth-wave roughness pattern,
and an outside 150 A of the reflective layer 150 may be formed
to have a convexo-concave roughness pattern along a bottom
surface of the channel layer 140. Herein, an etching depth
may be equal to about a thickness of the channel layer 140A,
and the etching angle may be inclined or perpendicular.

In describing the embodiment of FIG. 38, repetitive
description overlapping with the embodiments of FIGS. 1 and
34 has been omitted. Referring to FIG. 38, in a semiconductor
light-emitting device 100M, a bottom of a channel layer 140
may be etched to form a convexo-concave or square-wave
roughness pattern P35, and an outside of the reflective layer
150 may be formed to have a convexo-concave or square-
wave roughness pattern P6 along a bottom surface of the
channel layer 140. Herein, an etching depth may be less than
a thickness of the channel layer 140, and an etching shape
may be polygonal and hemispheric.

In describing the embodiment of FIG. 39, repetitive
description overlapping with the embodiments of F1IGS. 1 and
34 has been omitted. Referring to FIG. 39, in a semiconductor
light-emitting device 100N, a bottom of a channel layer 1408
may be etched to form a convexo-concave or square-wave
roughness pattern P7, and an outside 150B of the reflective
layer 150 may be formed to have a convexo-concave or
square-wave roughness pattern along a bottom surface of the
channel layer 140B. Accordingly, the channel layer 1408
may be divided into a plurality of regions; however, embodi-
ments are not limited thereto. An etching depth may be less
than a thickness of the channel layer 140B, an etching shape
may be polygonal and hemispheric, a concave interval and/or
a convex interval may be equal to or different from each other.

In describing the embodiment of FIG. 40, repetitive
description overlapping with the embodiment of FIG. 22 has
been omitted. Referring to FI1G. 40, 1n a semiconductor light-
emitting device 207, a bottom of a channel layer 240 may be
etched to form a roughness pattern P8, and an outside of an
ohmic layer 280 may be formed to have a roughness pattern
along the roughness pattern P8. The roughness pattern P8
may 1ncrease contact areca between two adjacent layers to
improve adhesive force.

In describing the embodiment of FIG. 41, repetitive
description overlapping with the embodiment of FIG. 22 has
been omitted. Referring to FI1G. 41, 1n a semiconductor light-
emitting device 207 A, a bottom of a channel layer 240A may
be etched to form a sawtooth-wave roughness pattern, and an
outside 280A of an ohmic layer 280 may be formed to have a
roughness pattern along a bottom surface of the channel layer
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240. An etching depth may be less than a thickness of the
channel layer 140A, and an etching angle may be inclined or
perpendicular.

In describing the embodiment of FIG. 42, repetitive
description overlapping with the embodiment of FIG. 22 has
been omitted. Referring to FI1G. 42, 1n a semiconductor light-
emitting device 2078, roughness patterns P11 and P12 may
be formed on top and bottom surfaces of a channel layer 240.
The top roughness pattern P11 of the channel layer 140 may
contact a bottom outside of the second conductivity type
semiconductor layer 130, and bottom roughness pattern P12
of the channel layer 140 may contact a top surface of the
ohmic layer 280. Accordingly, contact area and adhesive
force between the second conductivity type semiconductor
layer 130 and the ohmic layer 280 may be improved.

The roughness patterns P11 and P12 may have, for
example, a prism, stripe, convexo-concave, and sawtooth-
wave (for example, triangular sectional) shape, which may
vary within the technical scope of the inventive concept. The
top roughness pattern P11 may be formed, for example, by
cetching a bottom surface of the second conductivity type
semiconductor layer 130 in a pattern shape. The bottom
roughness pattern P12 may be formed by, for example, etch-
ing a bottom surface of the channel layer 240. An outer
bottom surface of the reflective layer 250 may have a rough-
ness pattern P13 due to the ohmic layer 280, thereby changing
a critical angle of mput/output light. The roughness patterns
P12 and P13 of the reflective layer 250 and the channel layer
240 may be formed on some or all of the surfaces of each
layer.

FIG. 43 1s sectional view of a light-emitting device package
according to an embodiment. Referring to FIG. 43, a light-
emitting device package according to an embodiment 28 may
include a body 20, a first lead electrode 31, a second lead
clectrode 32, a semiconductor light-emitting device 100, and
a molding member 40. The first lead electrode 31 and the
second lead electrode 32 may be disposed on the body 20. The
semiconductor light-emitting device 100 disposed on the
body 20 may be electrically connected to the first lead elec-
trode 31 and the second lead electrode 32. The molding mem-
ber 40 may be configured to mold the semiconductor light-
emitting device 100.

The body 20 may be formed to include a silicon material, a

synthetic resin, or a metallic material. An inclined surface
may be formed around the semiconductor light-emitting

device 100.

The first lead electrode 31 and the second lead electrode 32
may be electrically disconnected from each other, and may
provide power to the semiconductor light-emitting device
100. Also, the first lead electrode 31 and the second lead
clectrode 32 may retlect light emitted from the semiconductor
light-emitting device 100, thus increasing light efficiency.
Also, the first lead electrode 31 and the second lead electrode
32 may serve to discharge heat generated by the semiconduc-
tor light-emitting device 100.

The semiconductor light-emitting device 100 may be dis-
posed on the body 20, or may be disposed on the first lead
clectrode 31 or the second lead electrode 32. The semicon-
ductor light-emitting device 100 may be electrically con-
nected by, for example, a wire to the first lead electrode 31,
and may be connected to the second lead electrode 32 in a
die-bonding configuration.

The molding member 40 may mold the semiconductor
light-emitting device 100 to protect the semiconductor light-
emitting device 100. Also, a fluorescent material may be
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included 1n the molding member 40 to change a wavelength
of light emitted from the semiconductor light-emitting device
100.

Each embodiment 1s not limited thereto, and may be selec-
tively applied to the other embodiments. Also, the semicon-
ductor light-emitting device according to the embodiments
disclosed herein may be packaged 1n a semiconductor sub-
strate, an 1mnsulating substrate or a ceramic substrate (such as
a resin material or silicon), and may be used as a light source
of a indication device, an illumination device or a display
device.

As described above, embodiments disclosed herein may
improve the light extraction efficiency. Also, the embodi-
ments disclosed herein may overcome the problem of adhe-
sion between the layers disposed under the light-emitting
structure.

Further, the embodiments disclosed herein may overcome
the problem of the adhesion between the metal and the non-
metal in the channel region under the light-emitting structure.
Furthermore, the embodiments disclosed herein may over-
come the problem of the interlayer exfoliation in the channel
region by improving the adhesive force between the reflective
material and the oxide under the light-emitting structure.
Additionally, the embodiments disclosed herein may improve
reliability of the semiconductor light-emitting device.

The embodiments disclosed herein are applicable to any
light-emitting device that provides light.

Embodiments disclosed herein provide a semiconductor
light-emitting device capable of improving adhesive force
between layers disposed under a light-emitting structure
including a compound semiconductor layer and a method for
fabricating the same.

According to one embodiment disclosed herein, a semi-
conductor light-emitting device 1s provided that may include
a light-emitting structure including a plurality of compound
semiconductor layers; an electrode on the compound semi-
conductor layer; a retlective layer under the compound semi-
conductor layer; a conductive support member under the
reflective layer; and a channel layer along a bottom edge of
the compound semiconductor layer.

According to another embodiment disclosed herein, a
method for fabricating a semiconductor light-emitting device
1s provided that may include forming a plurality of compound
semiconductor layers on a substrate; forming a channel layer
along a top edge of the compound semiconductor layer; form-
ing a retlective layer on the compound semiconductor layer;
turning the reflective layer to the base and removing the
substrate; etching the compound semiconductor layer to
expose the channel layer; and forming an electrode on the
compound semiconductor layer.

Any reference in this specification to “one embodiment,”
“an embodiment,” “example embodiment,” etc., means that a
particular feature, structure, or characteristic described in
connection with the embodiment 1s 1ncluded 1n at least one
embodiment of the invention. The appearances of such
phrases 1n various places 1n the specification are not neces-
sarily all referring to the same embodiment. Further, when a
particular feature, structure, or characteristic 1s described in
connection with any embodiment, 1t 1s submitted that 1t 1s
within the purview of one skilled 1n the art to effect such
feature, structure, or characteristic 1n connection with other
ones of the embodiments.

Although embodiments have been described with refer-
ence to a number of 1illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled 1n the art that
will fall within the spirit and scope of the principles of this
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disclosure. More particularly, various variations and modifi-
cations are possible 1n the component parts and/or arrange-
ments ol the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to vanations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled 1n the art.

What 1s claimed 1s:

1. A semiconductor light-emitting device, comprising:

a conductive support member;

a reflective layer disposed above the conductive support
member;

an adhesion layer between the reflective layer and the con-
ductive support member;

a light-emitting structure disposed above the reflective
layer, the light-emitting structure comprising a first con-
ductive type semiconductor layer, an active layer dis-
posed on the first conductive type semiconductor layer,
and a second conductive type semiconductor layer dis-
posed on the active layer;

an electrode disposed on the light emitting structure;

a channel layer disposed along a bottom edge of the light
emitting structure; and

a current blocking layer that corresponds to the electrode,
wherein the adhesion layer has a top surface including a
plurality of first protrusion portions and a plurality of
first recess portions, wherein the reflective layer has a
bottom surface mncluding a plurality of second protru-
sion portions and a plurality of second recess portions,
wherein one of the plurality of second protrusions of the
reflective layer under the current blocking layer 1s dis-
posed on at least one of the plurality of first recess
portions or the plurality of first protrusion portions of the
adhesion layer, and wherein the top surface of the adhe-
sion layer contacts the bottom surface of the channel
layer.

2. The semiconductor light-emitting device according to
claim 1, wherein the reflective layer ohmic-contacts a bottom
surface of the light emitting structure and includes a reflective
metal.

3. The semiconductor light-emitting device according to
claim 1, wherein an inner end of the channel layer contacts an
outer end of the reflective layer.

4. The semiconductor light-emitting device according to
claam 1, wherein the reflective layer extends to partially
underlie a bottom surface of the channel layer.

5. The semiconductor light-emitting device according to
claim 4, wherein the reflective layer 1s formed under a portion
of the bottom surface of the channel layer to a width less than
about 80% of a width of the channel layer.

6. The semiconductor light-emitting device according to
claim 1, wherein the current blocking layer 1s formed on one
of the reflective layer and the conductive support member.

7. The semiconductor light-emitting device according to
claim 1, wherein the current blocking layer 1s formed of at
least one selected from the group consisting of 1TO, 1720,
[ZTO, IAZO, 1GZ0, IGTO, AZO, ATO, ZnO, S10,, S10_,
S10 Ny, S1,N4, Al,O,, and T10.,.

8. The semiconductor light-emitting device according to
claim 1, wherein the channel layer includes at least one of
transparent nitride, transparent oxide, or a transparent 1nsu-
lating material.

9. The semiconductor light-emitting device according to
claim 1, wherein the channel layer 1s formed of at least one
selected from the group consisting of I'TO (1indium tin oxide),
[70 (1indium zinc oxide), IZ’TO (1indium zinc tin oxide), IAZO
(indium aluminum zinc oxide), IGZ0O (indium galllum zinc
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oxide), IGTO (indium gallium tin oxide), AZO (aluminum
zinc oxide), ATO (antimony tin oxide), GZO (galllum zinc
oxide), S10,, S10_, S10 Ny, S1;N4, Al,O;, and T10.,,.

10. The semiconductor light-emitting device according to
claim 1, further comprising an insulating layer disposed along
an outer edge of the light-emitting structure.

11. The semiconductor light-emitting device according to
claim 1, further comprising a roughness pattern formed on the
light-emitting structure.

12. The semiconductor light-emitting device according to
claim 1, wherein the light-emitting structure includes at least
one of a P-N junction, a N-P junction, a P-N-P junction, and
a N-P-N junction using a Group III-V compound semicon-
ductor.

13. The semiconductor light-emitting device according to
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claim 1, wherein the plurality of first protrusion portions of 13

the adhesion layer contact the plurality of second recess por-
tions of the retlective layer, respectively.

14. The semiconductor light-emitting device according to
claim 1, wherein the plurality of first recess portions of the

22

adhesion layer contact the plurality of second protrusion por-
tions of the reflective layer, respectively.

15. The semiconductor light-emitting device according to
claim 1, wherein at least one of the plurality of second pro-
trusion portions corresponds to the current blocking layer.

16. The semiconductor light-emitting device according to
claim 1, wherein the plurality of second recess portions of the
reflective layer are positioned between the current blocking
layer and the channel layer.

17. The semiconductor light-emitting device according to
claim 1, wherein the plurality of first protrusion portions and
the plurality of first recess portions of the adhesion layer have
different height with respect to a bottom surface of the adhe-
s1on layer.

18. The semiconductor light-emitting device according to
claam 1, wherein the current blocking layer 1s vertically
aligned with the electrode.
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